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ABSTRACT: Using high-performance liquid chromatography, residues of the quinolones oxolinic acid 
and flumequine have been quantified in muscle of wild fish. The fish were caught 0 or 1 d after termi- 
nating medication in the vicinity of 6 fish farms previously employing one of the drugs. The majority of 
the wild fish (74 to 100 % of the catch at the different farms) contained drug residues in muscle. The 
mean muscle concentration varied from 0.95 to 4.89 pg g.' (ppm). Using a standard microbiological 
method, 60 %of the examined fish were found to contain faecal material displaying antibacterial activ- 
ity. The occurrence of bacteria resistant to oxolinic acid and oxytetracycline in blue mussels Mytilus 
edulis and in the intestinal content of fish was also examined. The level of resistant bacteria was higher 
in samples taken at the farm after medication than in samples collected before medication or from 
untreated areas. 
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INTRODUCTION 
The increasing intensity of fish farming in Norway, 
especially during the last decade, has inevitably been 
accompanied by an increase in the occurrence of infec- 
tious diseases. This has resulted in production losses, 
of which bacterial infections caused by Vibrio anguil- 
larum (classical vibriosis), V: salmonicida (cold-water 
vibriosis) and Aeromonas salmonicida (furunculosis) 
have been the most serious causes. Since effective vac- 
cines have been available for only a limited range of 
pathogens, chemotherapy has been considered to be 
the most effective weapon against bacterial diseases. 
Fish suffering from bacterial infections are usually 
treated orally using food pellets containing the desired 
antibacterial agent. Since diseased fish often show a 
reduced feed intake, over-feeding may occur and 
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excess food pellets may thus enter the surroundings. 
Furthermore, the bioavailability of the antibacterial 
agents in use in Norwegian fish farming today is rela- 
tively low, and therefore drugs enter the environment 
via faeces (Bjerrklund & Bylund 1991, Hustvedt et al. 
1991). During feeding, drugs may also be released 
from the pellets as fragments or dissolve in the seawa- 
ter (Higuera et al. 1990). Consequently, antibacterial 
agents reach the wild fauna. Samuelsen et al. (1992) 
found an elevated level of bacteria resistant to oxolinic 
acid (OXA) in blue mussels Mytilus edulis collected at 
a farm on the day medication with this drug was termi- 
nated. During and shortly after medication, wild fish, 
mussels and crustaceans in the vicinity of the farms 
also contain drug residues (Master 1986, Bjarklund et 
al. 1990, Samuelsen et al. 1992). Merster (1986) found 
concentrations of 7 pg g-' (ppm) of oxytetracycline 
(OTC) in the hepatopancreas of blue mussels collected 
at the farm site and detectable concentrations in mus- 
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sels harvested 80 m from the farm. Bjarklund et al. 
(1990) found OTC levels ranging from 0.2 to 1.3 pg g- '  
in 8 muscle samples of bleak Alburnus alburnus col- 
lected on the last day of medication at a fish farm in the 
Baltic sea. Samuelsen et al. (1992) found residues of 
OXA in saithe Pollachius virens, mackerel Scomber 
scombrus, ballan wrasse Labrus bergylta, haddock 
Melanogrammus aeglefinus, ling Molva molva, cod 
Gadus morhua, pollack Pollachius pollachius, flounder 
Platichthys flesus, salmon Salmo salar, crab Cancer 
pagurus and blue mussels sampled within 400 m of 2 
farms on the day medication with this drug was termi- 
nated. The mean concentrations of all positive muscle 
samples were 4.38 and 0.42 pg g-I respectively at the 
2 farms and the maximum concentration found in a 
- -- - - mllccle samp!e was 12.51 9-l The highest rnncen- 
trations (both maximum and mean) were found in 
saithe. 
The calculated mean muscle concentrations of OXA 
varied considerably between the 2 farms. Therefore, to 
verify previous findings, wild fish were sampled in the 
vicinity of 6 marine salmon farms medicating with 
OXA or flumequine (FLU). In addition, laboratory ex- 
periments were performed to investigate the absoip- 
tion and excretion of OXA in saithe since we, like 
Carss (1990), found saithe to be the most abundant 
species at the farms. To study the occurrence and 
spread of bacteria resistant to OXA and OTC during 
medication, fish intestines and blue mussels were col- 
lected both from 2 of the farm sites and from unaf- 
fected areas. 
MATERIALS AND METHODS 
Chemicals. OXA, OTC and FLU were obtained 
from Norsk Medisinaldepot A/S (Bergen, Norway). 
Methanol, acetonitrile, tetrahydrofuran (HPLC grade), 
dichloromethane, sodium hydroxide and oxalic acid 
dihydrate (pro analysis grade) were all from Merck 
(Darmstadt, Germany). 
Field investigation. Sampling sites: Muscle samples 
from wild fish were collected at 6 marine fish farms lo- 
cated on the west coast of Norway in the Hordaland 
and Sogn og Fjordane regions during the winter of 
1991-92. Microbiological studies of blue mussels and 
intestines were performed at 2 farms. Further specifi- 
cations of the farms are given in Table I .  
Sampling: Samples were collected 2 d prior to treat- 
ment (Farm 4), the last day of medication (Farms 1 & 2) 
or the first day following termination of medication 
(Farms 3, 4, 5 & 6). The fish were caught by gill nets 
placed within 50 m of the farm or by angling from the 
farm site. The fish were measured (fork length), 
weighed and samples of fish intestine (Farms 1 & 4) 
and muscle were taken at the farm site. Blue mussels 
were collected from the ropes or the floating devices 
(Farms 1 & 4)  and at reference stations in the tidal zone 
approximately 500 m away.  All samples w e r e  kept on 
ice during transport to the laboratory. Samples of fish 
intestines and blue mussels used for determination of 
antibacterial activity were prepared for analysis on the 
day of sampling. In order to choose faecal samples with 
antimicrobial effect on Escherichia coli B, (E. coli B,) 
for quantitative determination of the OXA- and OTC- 
resistant bacteria in the samples, these were prepared 
for analysis 2 d after sampling. Muscle samples fcr res- 
idue determinations were stored at -20 "C until ana- 
lysed. 
Laboratory experiments. Two laboratory experi- 
ments were carned out to investigate the absorption 
and excretion of OXA in saithe. In the first experiment, 
154 fish weighing 270 to 850 g were anaesthetized 
with metamidat and 120 mg kg-' body weight of OXA 
was orally administered using a stomach tube. The 
medicine was embedded in gelatine capsules. Muscle 
samples were collected from 5 fish after 10 and 23 h 
and 2, 4 ,  7, l l ,  16 and 21 d following medication. In the 
second experiment, 4 groups of 5 fish were anaesthe- 
tized with metamidat and, using a stomach tube, given 
1, 2, 5 and 10 medicated pellets respectively. The 
weight of the fish was 600 to 900 g. Muscle samples 
were collected after 24 h and stored at -20 "C until an- 
alysed. 
Analysis. Tissue samples were prepared for high- 
performance liquid chromatography (HPLC) analysis 
Table 1. Specifications of the farms. C: coast; F: fjord; OXA: oxolinic acid; FLU: flumequine 
Farm no. Location Temp. h4edicated fish Antibacterial Amount 
( "c )  (tonnes) agent (kg) 
1 C 9 134 OXA 34 
2 C 11 18 OXA 10 
3 C 14 7 0 OXA 26 
4 C 11 67 OXA 20 
5 F 10 6 OXA 1.4 
6 C 8 5 1 FLU 6 
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following the procedure of Samuelsen et al. (1992). To 
determine the residue of OXA in tissue, FLU was used 
as an internal standard and vice versa, since these 2 
compounds possess similar physicochemical properties 
but differ slightly in their chromatographic properties 
and thus appear at different retention times in the 
chromatogram. To analyse the tissue samples, the 
HPLC equipment and chromatographic assay de- 
scribed by Samuelsen (1990) were used. 
The presence of antibacterial agents in the gut con- 
tent of fish was examined using a standard microbio- 
logical method. Aliquots of gut contents (0.1 ml) were 
applied on a thin lawn of an OXA-sensitive bacter~um 
(E. coli B6) on tryptone soya agar (TSA; 20 g tryptone 
soya broth, 15 g Difco bacto agar, distilled water to 1 1; 
Oxoid Ltd., London). This test system has been proven 
as giving inhibition zones of 10 mm applying standard 
disks containing 2 kg OXA. Since E. col1 is an intestinal 
bacterium it is not inhibited by substances found in 
faecal material, and is thus suitable for such examina- 
tions. No inhibition zones were formed applying faecal 
material from drug-free control fish using this test 
system. The plates were incubated for 24 h at 37 "C. 
Inhibition of bacterial growth showed the presence of 
antibacterial substances in the sample material, which 
we considered as an indication for the occurrence of 
OXA. 
To examine the proportion of bacteria resistant to 
OXA and OTC in the soft tissue of blue mussels and in 
the intestinal content of fish, homogenates of blue 
mussels and fish faeces were plated on agar plates 
containing 10 bg ml-' of OXA or 100 pg ml-' OTC. The 
medium used was TSA prepared with 70 % seawater 
(Lunestad & Goksoyr 1990). Following 3 to 5 d of aero- 
bic incubation at 15 "C, the number of colony-forming 
bacteria was compared to the number of bacteria 
growing on TSA without OXA or OTC. Homogenates 
were made of 5 to 10 blue mussels (10 g)  or 1 g 
fish faeces, diluted 1:10 in 70 % seawater and 60 
homogenised at low speed for 1 min. 
RESULTS AND DISCUSSION 
Accumulations of drugs in fish 
Accun~ulations of drugs in wild fish were 
found in all fish species examined, both pe- 
lagic and demersal. The relative frequency of 
positive samples varied from 72 % at Farm 4 to 
100 %at Farms 1 & 2, giving a mean frequency 
of 84 % (Table 2). The mean concentration at 
the farms varied between 4.89 pg g-' at Farm 
est concentrations were found in saithe, w h ~ c h  was 
also the dominant species at 5 of the farms (Table 2). 
For the other species the number of investigated indi- 
viduals was low, but the results showed the same pat- 
tern with high relative abundance. The variance in 
muscle OXA concentrations among individuals was 
considerable (Fig. 1). Twenty-five percent of the saithe 
had muscle concentrations below 0.08 pg g- l ,  50 '% 
were below 0.48 pg g - '  while 25 ':C, had concentrations 
exceeding 4.10 pg g - '  The highest concentration 
found was 15.74 pg g- l .  The length of the examined 
saithe varied between 25 and 55 cm corresponding to 1 
to 4 yr of age. As we expected, no significant correla- 
tion between length and residues was found. At all the 
3 farms using 20 kg or less of OXA or FLU, the mean 
concentration in muscle of saithe was approximately 
1 pg g- ' .  When higher quantities of OXA was used, the 
mean residue level increased markedly (Table 2). Of 
24 muscle samples from wild fish collected at Farm 4, 
2 d prior to medication (15 saithe, 6 salmon, 3 had- 
dock), 20 samples contained no residues of OXA or 
FLU while the 4 positive samples (saithe) had muscle 
concentrations of OXA ranging from 0.05 to 0.22 pg 
g- '  (mean 0.12 pg g").  This corresponds to a fre- 
quency of positive samples of 17 %. 
In the laboratory experiments a maximum muscle 
concentration of 9.3 pg g was obtained 47 h following 
medication, corresponding to 59 0/0 of the highest 
measurement in wild fish. The long absorption period 
might be due to slow digestion of the gelatine capsules 
In which the OXA was embedded. Having once 
reached a maximum, the concentrations decreased ex- 
ponentially. After 21 d,  when terminating the experi- 
ment, the mean muscle concentration was 0.36 pg g- '  
OXA (Fig. 2). After 24 h,  saithe fed 1 medicated pellet 
reached a niean muscle concentration of approxi- 
mately 1 pg g- ' ,  while the concentration in fish fed 10 
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0.58 pg g- '  a t  Farm 2 ,  the mean Fig. 1. Pollachius virens. Percent distribution of OXA and FLU muscle 
tion of all samples being 2.03 pg g-'. The high- concentrations among saithe 
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Table 2. Muscle residues of antibacterial agents in wild fish caught in the vicinity of fish farms after terminated medication. 
% Pos.: percentage contain~ng muscle residues. Ballan wrasse = Labrus bergylta, cod = Gadus rnorhua, flounder = Platichthys 
flesus, haddock = Melanograrnrnus aeglefinus, ling = Molva rnolva, mackerel = Scomber scombrus, pollack = Pollachius polla- 
chus, s a i t h ~  = Pollachius virens, salmon = Salrno salar, whiting = Merlangiusmerlangus. Abbreviations as in Table 1 
Farm no. Antibacterial Specles Number of % Pos. Mean muscle 
agent individuals conc. (ppm) 
1 OXA Saithe 2 6 100 5.56 
Ballan wrasse 2 100 0.49 
Pollack 1 100 0.62 
Haddock 2 100 5.02 
Ling 1 100 0.20 
Total 32 100 4.89 
OXA 
OXA 
OXA 
FLU 
Saithe 
Mackerel 
Whiting 
Tstn! 
Saithe 
Pollack 
Flounder 
Cod 
Total 
Saithe 
Whiting 
Pollack 
Salmon 
Total 
Saithe 
Saithe 
Cod 
Ling 
Total 
l Total All 189 84 2.03 
pellets was approximately 5.5 pg g-' (Fig. 3).  The cal- 
culated bioavailability of OXA in muscle of saithe 
tended to decrease with increasing dose, reaching 29, 
23, 27 and 15 % for 1, 2, 5 and 10 pellets respectively. 
This might be explained by high stomach filling and 
concomitant slower absorption of OXA in the fish fed 
10 pellets. 
In the field investigation, a total of 189 fish repre- 
senting 9 different species were analysed. Of these, 
159 individuals representing 8 species contained resi- 
dues of OXA or FLU. These results are in accordance 
with earlier findings and confirm that immediately 
after terminating medication a large portion of the wild 
fish contain residues of the antibacterial agent used. In 
most cases the residues are low but some fish contain 
high concentrations. In a similar investigation in the 
Baltic Sea, Bj~rklund et al. (1991) reported that no de- 
tectable residues of OXA were found in 25 muscle 
samples of bleak caught near a fish farm at the day of 
terminating medication. During medication a total of 
0.2 kg of OXA was used. In our investigation much 
higher quantities of antibacterial agents were applied 
(Table 1). As the mean res~dues eem to increase with 
increasing amount of medicine used, this may partly 
explain the diverging results. The species in question 
also have different feeding strategies. Bleak are spe- 
cialized to feed on small organisms like zooplankton 
and insects, while most of the species we investigated 
are opportunistic predators adapted to particles far 
above pellet size. This is particularly true for saithe 
which is reported to school at fish farms to feed on 
waste food (Carss 1990, Bjordal & Skaar 1992). 
The drug residues varied greatly between the spe- 
cies (Table 2)  and also between individual saithe, the 
only species sampled in relatively large numbers 
(Fig. 1). This variation was expected due to random 
sampling in an area where fish roam freely. The saithe 
may also belong to groups with different behavioral 
patterns. As demonstrated by Bjordal & Johnstone 
(1993) the saithe at fish farms may consist of groups 
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Fig. 2 .  Pollachius vjrens. Absorption and excretion of OXA in 
muscle of saithe. The value is the mean value of 8 samples. 
Vertical bars. standard deviation 
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Fig 3. Pollachius virens. OXA muscle concentration in saithe 
fed 1. 2, 5 and  10 medicated pellets 
with different core areas and varying lengths of stay at 
the farms. No connection was found between saithe 
length and drug residues, indicating that all groups 
feed on pellets. The fish typically varied between 25 
and 55 cm in length, corresponding to 1 to 4 yr of age. 
The majority of the fish were 2 or 3 yr old (Bjordal & 
Skaar 1992). Considering that the flsh retain their nor- 
mal migration patterns and the slow excretion of low 
residue OXA, there is certainly a risk that contarni- 
nated saithe could reach human consumers. In labora- 
tory experiments the saithe showed muscle concentra- 
tions of approximately 1 pg g - '  OXA when fed 1 
medicated pellet (Fig. 3). Compared to this value the 
residues in wild saithe were low, with 50 % of the spec- 
imens below 0.5 pg g-' (Fig. 1). This indicates that for 
most of the wild fish population, waste feed is not a 
large part of the diet. However, for a small part of the 
population waste pellets furnish a large part of the 
diet. In fish, the absorption of OXA is low compared to 
the digestibility of the feed. Therefore, in faeces the 
concentration of OXA is very high compared to the 
concentration in the initial pellets ( 0 .  B. Samuelsen un- 
publ. results). The low residues in the majority of the 
saithe population therefore indicate that they do not 
eat faeces. This view is supported by video observa- 
tions (J. E. Fosseidengen pers. comm.). 
Public concern about eating fish contaminated with 
drugs centres mainly on toxic effects. However, devel- 
opment of resistant bacteria in the gut, allergic reac- 
tions, bioaccumulation and drug sensitization are pos- 
sibly greater problems than toxicity. 
Except for the ability of OTC to be incorporated into 
calcium-rich structures like bone, teeth and shell, 
probably none of the antibacterial agents used in 
Norwegian aquaculture today will bioaccumulate in 
the exposed organisms (Sande & Mandell 1985). This 
assumption is based on the data available on the water 
solubility and the n-octanollwater partition coefficient 
of the different antibacterial agents (Budavari 1989). 
The n-octanol/water distribution of a compound is 
widely used as an indicator for possible bioaccumula- 
tion (Erikson et al. 1987). 
Occurrence of drug-resistant bacteria 
Blue mussels collected at Farm 1 had a ?-fold in- 
creased level of OXA-resistant bacteria compared to 
blue mussels from the reference station 500 m away 
(from 0.015 % to 0.129 %). At Farm 4, the level of OXA- 
resistant bacteria was more than 12-fold higher in 
mussels collected at the farm (10 %) compared to mus- 
sels collected in the littoral zone 500 m from the farm 
(0.81 %) and samples collected at  the farm prior to 
medication (0.69 %). Prior to medication at Farm 4, 0.6 
and 1.0 %of the faecal bacteria in wild fish were resist- 
ant to OTC and OXA respectively. After terminating 
medication with OXA, 46 % of the faecal bacteria were 
resistant to OXA and 20 % were resistant to OTC. No 
antibacterial activity was found in faeces from 13 fish 
caught at Farm 4 prior to medication, whereas after 
medication an average of 60 % of the samples showed 
antibacterial activity. 
This study has confirmed that the level of resistant 
bacteria in blue mussels and in the gut content of wild 
fish is affected during antimicrobial treatment of 
farmed fish. As previously shown by Samuelsen et al. 
(1992), the fraction of resistant bacteria associated with 
soft parts of blue mussels found near fish farm facilities 
increases during therapy. The development of resist- 
ant bacteria subsequently found in filter feeders may in 
part take place in the intestine of the fish under treat- 
ment, in the intestine of wild fish receiving drugs or in 
the filter feeder itself. The conditions for resistance de- 
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velopment in the fish gut are favored by the high num- 
ber of bacteria autochthonously present (Cahill 1990, 
Onarheim & Raa 1990) combined with high concentra- 
tions of the drug being used. Of special concern in this 
respect is the development of coresistance between 
OTC and OXA (Gutman et al. 1985, Barnes et al. 1990, 
Hansen et al. 1993). The development of coresistance 
when selecting with quinolones has previously been 
described for a number of structurally unrelated agents 
such as chloramphenicol, tetracyclines, p-lactams and 
trimethoprim (Sanders et al. 1984, Gutman et al. 1985, 
Barnes et al. 1990). The mechanism involved in this 
kind of resistance is conferred by an alteration in 
outer-membrane proteins which constitutes pores 
through which quinolones or other antibacterial agents 
may enier ihe ir~ie~ivl oi illr ~rii iCuiie1i et ai. 1389, 
Smith 1990). In a study by Austin & Al-Zahrani (1988) 
the effects of OTC, OXA and sulfafurazole on the in- 
testinal flora of rainbow trout Oncorhynchus mykiss 
were discussed. The bacterial flora of the treated fish 
comprised a different range of taxa compared to that of 
untreated fish. Furthermore, bacteria in treated fish 
were generally resistant to the drugs in use. On the 
other hand, Sugita et al. (1989) reported that oral ad- 
ministration of OTC in a dose of 50 mg kg-' fish or 
OXA in a dose of 20 mg kg-' fish for 7 d did not affect 
the bacterial flora of goldfish Carassius auratus with 
respect to viable counts, generic composition and num- 
ber of OXA-resistant bacteria. Our study shows an in- 
crease in resistant bacteria in the intestine of fish re- 
ceiving antimicrobial drugs. The importance of 
horizontal gene transfer in natural environments has 
been emphasized (Coughter & Stewart 1989, Anderson 
1990, Levy 1990, Stewart & Smigalliano 1990). In this 
respect special concern has been given to the possibil- 
ity for transfer of resistance genes from bacteria in the 
environment to bacteria pathogenic to fish or humans 
(Nakajima et al. 1983, Husevzg et al. 1991). In fact, 
conjugal transfer of resistance plasrnids from Vibrio 
anguillarum to Escherichia coli and from V anguil- 
larum to V cholerae has been demonstrated showing 
that this is not only a hypothetical problem (Nakaj~ma 
et al. 1983, Sandaa et al. 1993). Since resistance to- 
wards OXA has not been shown to be plasmid rnedi- 
ated (Courvalin 1990), the implications of drug use in 
aquaculture on the overall quinolone resistance prob- 
lem are currently unknown. Successful fish farming is 
dependent on a good environment. It is therefore in 
the interest of the fish farmer to reduce the usage of 
drugs in aquaculture. Although fragmentary, our 
present knowledge calls for a most prudent use of 
these drugs. The problems associated with bacterial 
diseases in farmed fish cannot be solved by an increas- 
ing use of antibacterial agents. Instead, further work 
should be done on improving the general health condi- 
tions of cultured organisms, including the develop- 
ment of effective vaccines. 
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